Summary A phase I study to determine the maximum tolerated dose and toxicity of gemcitabine when given as a 24 h infusion to patients with inoperable non-small-cell lung cancer (NSCLC). A total of 24 patients with unresectable stage IIIa-IV NSCLC were entered into the study. Gemcitabine was administered as a 24 h infusion on days 0, 7 and 14. Courses of therapy were repeated every 28 days. There were 16 males and 8 females with a median age of 51 years (range 40-73 years). The WHO performance score was 1 (21 patients) or 2 (3 patients). The TNM stage was IIIa (6), IIIb (10) and IV (8). Three patients were entered at each dose level with six at the maximum tolerated dose (MTD). Dose levels were 10, 20, 40, 80, 120, 180 and 210 mg m-2. The MTD was 180 mg m-2 and dose-limiting toxicity was neutropenia and lethargy. Partial response was observed in five (21%) patients (95% CI 7-42%) lasting 10, 14, 18, 47 and 51 + weeks. The maximum tolerated dose of gemcitabine given as a 24 h infusion was 180 mg m-2
Gemcitabine (2'2'difluorodeoxycytidine), is a pyrimidine antimetabolite, structurally related to cytosine arabinoside (Ara-C). Gemcitabine has significantly greater activity against a wide range of murine and human solid tumour models including X-5563 myeloma, B-16 melanoma and CA-755 adenocarcinoma than Ara-C (Hertel et al., 1990) .
Gemcitabine is phosphorylated by deoxycytidine kinase into the active diphosphate (GDP) and triphosphate (GTP) metabolites. After GDP or GTP incorporation into DNA one further nucleotide is added then DNA chain termination ceases (Huang et al., 1991) . Ara-C is similarly converted into its triphosphate. At equimolar concentrations of the parent drug intracellular concentrations of gemcitabine triphosphate are 20-fold greater than Ara-C triphosphate (Heinemann et al., 1988) . However, with a unique mode of self-potentiation, gemcitabine triphosphate inhibits the deaminase that is responsible for conversion to the uracil metabolite (Xu et al., 1990) .
Phase I studies of gemcitabine have shown that toxicity is schedule-dependent. Patients treated with a daily schedule for 5 days every 3 weeks experienced fever, flu-like symptoms and dose-limiting hypotension at 12 mg m-2 (O'Rourke et al., 1994) . A twice-weekly schedule for 3 weeks repeated every 4 weeks showed dose-limiting toxicity at 75 mg m-2 with thrombocytopenia and flu symptoms (Poplin et al., 1992) . The MTD of a weekly (30 min infusion) schedule every 3 weeks, with courses of gemcitabine repeated monthly, was 790 mg m-2 with myelotoxicity being dose limiting (Abbruzzese et al., 1991) .
Phase II studies of gemcitabine given as a 30 min infusion at doses of 800-1250 mg m-2 weekly for 3 weeks have shown reproducible, independently validated response rates of 20% in non-small-cell lung cancer (Abratt et al., 1994; Anderson et al., 1994) .
In an attempt to increase cytotoxicity, antimetabolites are often given as a continuous infusion. In this phase I study we determined the MTD and toxicity profile of gemcitabine when given as a 24 h infusion weekly for 3 weeks in patients with inoperable NSCLC.
Patients and methods
The study was conducted according to the Declaration of Helsinki and existing rules for good clinical practice (CPMP Working Party, 1990) is better tolerated in man than mice and 10 mg m-2 was considered to be a safe starting dose. Three patients were entered at each dose level.
Dose escalation for the next patient cohort was according to a modified Fibronachi schedule. Gemcitabine was dissolved in 0.9% saline and infused over 24 h on days 0, 7 and 14. No therapy was given on day 21. This comprised one course. Courses of therapy were repeated every 28 days. The plan was to give a maximum of 4-6 courses of chemotherapy.
During each 24 h infusion of gemcitabine the patient's pulse and blood pressure were monitored every 15 min for 2 h then 2 hourly for 22 h, then 4 hourly for 24 h. Temperature was monitored at 4 hourly intervals.
Response to therapy was assessed by standard criteria after two courses of gemcitabine and toxicity documented according to WHO grade (Miller et al., 1981) . Patients whose disease was responding or stable continued therapy for a maximum of six courses.
Results
Between March 1992 and July 1994, 24 patients were entered into this two-centre study. Patient characteristics are shown in Table I . There were 16 males and 8 females with a median age of 51 years. Twenty-one patients had a WHO performance score of 1 and the remaining three a score of 2. The TNM stage was IlIa (6 patients), IlIb (10 patients) and IV (8 patients). Tables II and III show the results of haematological and non-haematological toxicity by dose level for each patient at that dose. A total of 76 courses have been given with doses ranging from 10-210 mg m-.
Haematological toxicity was mainly neutropenia. Two of three patients at 210 mg m-2 had grade 3 leucopenia and one of these also had grade 4 neutropenia. At 180 mg m-2 four of six patients had grade 3 neutropenia. Infection was not a problem at 180 mg m-2 but two patients at 210 mg m-2 received intravenous antibiotics. The MTD was determined to be 180 mg m WHO grade 3 nausea and vomiting was seen at 20 mg m-2 and subsequent dose levels but was tolerable and managed with antiemetics. Only two patients required 5HT3 antagonists.
Transient elevations of transaminases were seen at doses >40 mg m-2, but were not dose limiting. Of all 24 patients Five patients (21%) achieved a partial response lasting 10, 14, 18, 47 and 51 +weeks. They were observed at the following dose levels 80 mg m-2, n= 1; 120 mg m-2, n= 1; 180mgm-2, n=2; 210mgm-2, n=1.
The reasons for the discontinuation of gemcitabine were adverse events, n=3 (pulmonary embolism in patient no.3, drug rash in patient no.15 and lethargy in patient no.22); progressive disease, n =6; completion of four or more planned courses, n = 12.
Discussion
The MTD of gemcitabine when administered as a 24 h infusion was 180 mg m-2. The main toxicity was neutropenia and lethargy. Neutropenia was short-lived, and in two cases at a dose of 210 mg m-2 patients received intravenous antibiotics. Although four of six patients treated at 180 mg m-2 developed WHO grade 3 neutropenia none required intravenous antibiotics. Neutropenia could be prevented by granulocyte colony-stimulating factor (G-CSF). However, lethargy was a frequent toxicity of gemcitabine when administered as a 24 h infusion. One patient (at 210 mg m-2) withdrew from the study because of lethargy (WHO grade 2 CNS toxicity-somnolence for <50% of waking hours) because it was continuous and 'destroyed my quality of life'. Lethargy occurred in five of six patients at the MTD. In the WHO definition of CNS toxicity grade 3 somnolence is for more than 50% of waking hours. Grade 2 or 3 toxicity can be tolerated for short periods, but is unacceptable when prolonged.
Gemcitabine was otherwise well tolerated with no alopecia. Transient WHO grade 3 nausea and vomiting occurred in 13/24 (54%) patients in the study, and five of six patients at the MTD.
The phase I study of a daily x 5 schedule showed that hypotension, fever and flu-like symptoms were dose-limiting toxicities (O'Rourke et al., 1994) . In this study of gemcitabine administered over 24 h symptomatic hypotension was not a clinical problem. Mild fever was seen in 67% patients and flu symptoms in 38% patients.
In our previous study of gemcitabine administered as a 30 min infusion fever was seen in 32% patients and lethargy in 38% patients (Anderson et al., 1984) . These toxicities were doubled with the 24 h infusion schedule. In addition, vomiting was more common with the 24 h infusion 54% vs 38%. Mucositis was observed in 15/21 (71%) patients in this 24 h infusion study compared with 12% patients treated on a 30 min infusion. The incidence of flu-like symptoms was similar in the two studies.
This phase I study has shown the MTD of 24 h gemcitabine infusion to be 180 mg m-2 in patients who had not received prior chemotherapy. At this dose the WHO grade 3 neutropenia in four of six patients was transient and not associated with infection. Two of these four patients had WHO grade 3 leucopenia.
Although this was a phase I study involving only 24 patients, 13 of whom were treated at a dose below the MTD, partial tumour response was seen in five (21%) patients. The duration of response ranged from 10-51 + weeks. However, the symptomatic toxicity, especially lethargy observed with this 24 h infusion schedule was greater than that reported with the more convenient 30 min infusion schedule which has the potential for outpatient administration (Anderson et al., 1994; Abratt et al., 1994) .
